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Abstract Introduction Spontaneous cerebrospinal fluid (CSF) leaks represent a unique clinical
presentation of idiopathic intracranial hypertension (IIH), lacking classical features of
IIH, including severe headaches, papilledema, and markedly elevated opening
pressures.
Methods Following a single-institution retrospective review of patients undergoing
spontaneous CSF leak repair, we performed a literature review of spontaneous CSF leak
in patients previously undiagnosed with IIH, querying PubMed.
Results Our literature review yielded 26 studies, comprising 716 patients. Average
age was 51 years with 80.8% female predominance, and average body mass index was
35.5. Presenting symptoms included headaches (32.5%), visual disturbances (4.2%),
and a history of meningitis (15.3%). Papilledema occurred in 14.1%. An empty sella was
present in 77.7%. Slit ventricles and venous sinus stenosis comprised 7.7 and 31.8%,
respectively. CSF leak most commonly originated from the sphenoid sinus (41.1%),
cribriform plate (25.4%), and ethmoid skull base (20.4%). Preoperative opening
pressures were normal at 22.4 cm H2O and elevated postoperatively to 30.8 cm
H2O. 19.1% of patients underwent shunt placement. CSF leak recurred after repair
in 10.5% of patients, 78.6% involving the initial site. A total of 85.7% of these patients
were managed with repeat surgical intervention, and 23.2% underwent a shunting
procedure.
Conclusion Spontaneous CSF leaks represent a distinct variant of IIH, distinguished
by decreased prevalence of headaches, lack of visual deficits, and normal opening
pressures. Delayed measurement of opening pressure after leak repair may be helpful
to diagnose IIH. Permanent CSF diversion may be indicated in patients exhibiting
significantly elevated opening pressures postoperatively, refractory symptoms of IIH,
or recurrent CSF leak.
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Introduction

Spontaneous intracranial cerebrospinalfluid (CSF) leaks repre-
sent a unique clinical presentation of idiopathic intracranial
hypertension (IIH), secondary to skull base erosion from
chronicallyelevatedCSFpressures.1–5 IIH is typicallydiagnosed,
based on the modified Dandy criteria,6 among which include
clinical signs and symptoms of increased intracranial pressure
(ICP) (i.e., headache, visual disturbances), CSF opening pres-
sures> 25 cm H2O, and radiographic features on magnetic
resonance imaging (MRI) such as an empty sella and venous
sinus stenosis. In patients with CSF leak and a suspected
underlying diagnosis of IIH, the leak may be a natural outlet
of CSF egress in patients with chronically elevated ICPs. These
patientsmay not develop or complain of the classical signs and
symptoms of typical IIH at time of presentation. As such, we
retrospectively reviewed our own recent institutional experi-
ence of management of spontaneous CSF leaks from anterior
skull base defects and performed a literature review to further
characterize patients presenting with spontaneous CSF leak
from the anterior skull base and suspected but previously
undiagnosed IIH.

Materials and Methods

We performed a literature search utilizing PubMed, querying
the following search terms: spontaneous, cerebrospinal fluid
leak, CSF leak, anterior skull base,meningocele, encephalocele,
and intracranial hypertension. Articles reviewedwere limited

to those published in the past 50 years and written in the
English language. Data collected included basic patient demo-
graphics (age, sex, body mass index [BMI]), presenting signs
and symptoms, formal ophthalmologic findings, imaging fea-
tures including presence of an empty sella, ventricular config-
uration, venous sinus stenosis, location of the CSF leak,
presence of an cephalocele (defined as any of the following:
meningocele, encephalocele, meningoencephalocele), open-
ing pressure, and clinical outcomes including need for perma-
nent CSF diversion. Studies that included spontaneous CSF
leakswithin a larger series of CSF leaks ofother etiologieswere
only included if they contained additional information specific
to the spontaneous CSF leak population, beyond basic demo-
graphic data. In addition, we collected similar data from a
single-institution retrospective chart review of the last five
patients treated for spontaneous CSF leak under an institu-
tional review board-approved protocol.

Case Illustration

A 58-year-old obese woman presented to our institution’s
emergency department with complaints of clear fluid
running from her nose and new-onset positional headaches,
worse when upright, of 1-week duration. She denied any
visual changes andwas neurologically intact on examination,
including no evidence of active CSF rhinorrhea. Computed
tomography (CT) of the head revealed a thin acute subdural
hematoma tracking along the falx and tentorium (►Fig. 1A).
She exhibited a partially empty sella on brainMRI (►Fig. 1B).

Fig. 1 (A) An axial slice from computed tomography (CT) of the head demonstrates a thin parafalcine subdural hematoma at time of presentation. (B) A
sagittal imagetaken fromT1-weightedbrainmagnetic resonance imaging (MRI) aftergadoliniumcontrast administration shows apartiallyempty sella. (C) A
coronal slice froma thin-cut CTof thehead shows a boney defect of the right lamina papyraceawith tracemucosal thickening in the right sphenoid sinus and
left maxillary sinus. (D) Bone-windowing of the aforementioned image shows soft tissue or fluid immediately subjacent to the cribriform plate bilaterally,
inferior to the olfactory bulb region in the olfactory recess of the nasal vault (arrow), suggestive of a bony defect in the left cribriform plate.
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Thin-cut slices from a skull base CT revealed an anterior skull
base defect, accompanied by a meningocele (►Fig. 1C, D).
Vascular imaging ruled out stenosis or thrombosis of the
venous system, and ophthalmologic examination did not
demonstrate evidence of papilledema. After admission,
she developed recurrent rhinorrhea, and fluid was sent for
β-2-transferrin testing, which confirmed CSF. She subse-
quently underwent endonasal endovascular repair of her
CSF leak, aided by use of intrathecal administration of
fluorescein via preoperative lumbar drain placement, to
localize the area of leak to the lateral cribriform plate.
Postoperatively, her opening pressure measured via the
lumbar drain was 14 cm H2O, which was subsequently
removed after 2 days of drainage, and she was discharged
on acetazolamide. However, 6 weeks after CSF leak repair,
she developed recurrent headaches, despite lack of recurrent
CSF rhinorrhea and continued acetazolamide therapy. A
repeat lumbar puncture was performed, revealing an open-
ing pressure of 29 cm H2O. Subsequently, she was counseled
and elected to undergo ventriculoperitoneal shunt place-
ment and experienced immediate and continued resolution
of her symptoms at 6-month follow-up. The clinical history
of this patient (patient 1) and the other four patients in our
institutional case series are summarized in ►Table 1.

Results

Patient Demographics
Our review of the literature yielded 26 total studies, includ-
ing our ownpatient cohort, comprising a total of 716 patients
meeting criteria for presentation of spontaneous CSF leak
from the anterior skull base without prior history of IIH
(►Table 1). The average age of the patients was 51 years,
80.8% female predominance, and an average BMI of 35.5. Out
of the 22 studies reporting clinical symptoms, those besides
complaints of rhinorrhea at time of presentation included
significant headaches (164/504, 32.5%) and subjective visual
disturbances (21/504, 4.2%). A history ofmeningitis, whether
remote, acute, or otherwise not specified was reported in
77/504 patients (15.3%). Out of 142 patients from 11 studies
who underwent formal ophthalmologic examination, papil-
ledema was reported in 20/142 or 14.1% of patients.

Radiographic and Intraoperative Findings
Studieswere further analyzed for imaging and intraoperative
characteristics of the patient population, based on available
data provided on a study-by-study basis (►Table 2). A partial
or fully empty sella was described in 271/349 (77.7%)
patients, derived from 15 studies. Out of 39 patients from
5 studies with descriptors or available imaging of ventricular
configuration, only 3 (7.7%) exhibited slit ventricles. Venous
sinus stenosis was reported in 21/66 (31.8%) patients from 6
studies. The primary location of the CSF leak was reported in
24 studies and originated from the sphenoid sinus (272/662,
41.1%), cribriform plate (168/662, 25.4%), ethmoid bone
(135/662, 20.4%), frontal sinus (47/662, 7.1%), planum sphe-
noidale (10/662, 1.5%), optic canal (2/662, 0.3%), and other
(9/662, 1.4%; i.e., maxillary sinus, lateral anterior skull base,

clivus, or unknown). An additional 19/662 (2.9%) leaks
originated from the temporal bone. However, this study
did not aim to capture leaks of middle fossa origin, so these
patients were only included because they were a part of a
larger series of spontaneous CSF leaks involving the anterior
skull base. A cephalocele was present in 277/351 (78.9%) of
patients, derived from 22 studies.

CSF Dynamics
The average opening pressure among 446 patients from 14
studies prior to surgical repair of their CSF leak, was 22.4 cm
H2O, excluding a single case of an opening pressure of 320 cm
H2O due to fulminant bacterial meningitis.7 In addition, 250
patients from 9 studies underwent measurement of their
opening pressure after CSF leak repair, which averaged
30.8 cm H2O. Among 539 patients from 22 studies reporting
need for permanent CSF diversion for their CSF leak, 103
(19.1%) subsequently underwent shunt placement (►Table 1).

Recurrence Rates
Patterns of CSF leak recurrence and their management were
further analyzed. Recurrence rates in larger case series
(> n¼ 20) ranged from 2.9 to 22%.8–17 Excluding five studies
with insufficient data, the overall recurrence rate was 10.5%
(56/535patients).Within thisgroup, 44 (78.6%) recurredat the
same site, while the remaining 12 (21.4%) recurred at a distant
site. Time to recurrence at the same site (range: postoperative
day 2 to 15 months) tended to occur earlier than at a distant
site (range: 8 months to 9 years).8–11,14,15 Overall, 48/56
(85.7%) patients with recurrent leaks were managed with
repeat surgical intervention, among who 13 (23.2%) patients
also underwent shunt placement.9,14–16,18,19 Three patients
weremanagedconservativelywith temporaryCSFdiversion in
the form of a lumbar drain.13,14,20 Three patients developed
recurrent leaks, secondary to shunt malfunction and
subsequently underwent shunt revision surgery.15,19,21 Three
patients with recurrent leaks within days after initial repair
weremanagedwith repeat surgery without need for a further
shunting procedure.9,10,22

Discussion

While the relationship between spontaneous CSF leaks and
an underlying diagnosis of IIH has long been recognized
within the neurosurgery and otorhinolaryngology literature,
this study sought to confirm our own institutional experi-
ence with literature experience, regarding distinct clinical
and radiographic features differentiating these patients from
thosewith a typical presentation of IIH. Demographically, we
found that patients with spontaneous CSF leaks with a
suspected but previously undiagnosed history of IIH were
generally older than typically reported ages of patients with
newly diagnosed IIH but otherwise still demonstrated a
preponderance of obese females among the patient popula-
tion, consistent with the IIH literature.1,23,24Additionally, we
found a lower prevalence of headache and subjective visual
disturbances in these patients, consistent with larger case
series9,10,14 that have reported lower rates than those in
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typical IIH patients.25 Together, these observations likely
reflect a slower natural history of progressive intracranial
hypertension in patients with spontaneous CSF leak, that
may act as a “pressure release valve”1 and relieve symptoms
of elevated ICP, leading to later age at presentation and
diminished acuity of related symptoms. Although the exact
pathophysiology linking spontaneous CSF leak with IIH
remains unclear, the most prevalent explanation is related
to chronic erosion of the skull base secondary to elevated
ICPs, eventually precipitating CSF leak.26 Along these lines,
others have proposed additional disorders related to skull
base defects, associated with IIH, including cephalocele
development and dehiscence of the cerebral venous–glym-
phatic system where they make contact with the skull
base, secondary to intrinsic dural defects.5,27,28 However,
why only a subset of patients with IIH go on to develop
spontaneous CSF leaks remains unclear.

Radiographic findings of IIH typically include a partial or
empty sella, reported in up to 80% of patients with IIH.29 Our
literature review showed a lower prevalence of this finding in
patients with spontaneous CSF leak, consistent with a pooled
prevalence of 60%, cited in a previous literature review.1 Slit
ventricles are another radiographic feature, which have been
classically associated with IIH.30–32 While more recent studies
incorporating MRI have not recapitulated this finding, slit
ventricles remain a highly specific radiographic finding in
IIH.33 Our literature review found that the vast majority of
patientswithspontaneousCSF leaksdonotexhibit slit ventricle
morphology, perhaps further supporting the notion that con-
sideration of ventricular configuration is irrelevant in the
diagnosis of IIH with or without CSF leak. Notably, transverse
sinus stenosis was found to be the most specific radiographic
sign of IIH with also high sensitivity.33 Out of the studies
analyzed in our literature review, nearly a third (31.8%) of
patientswho underwent radiographic evaluation of thevenous
sinus system demonstrated evidence of stenosis that could be
contributing to IIH physiology. However, venous imaging was
only performed in 6 of the 26 studies analyzed in this review,
includingourownpatient series, andas such, it remainsunclear
whether its prevalence in spontaneous CSF leaks is due to true
pathophysiology versus underreporting. Venous sinus stenosis
has been well-described in the general IIH literature, and a
recent literature review of endovascular venous sinus stenting
for IIH34 reported improvement or resolution of IIH symptoms,
including headaches, visual acuity, papilledema, and tinnitus in
over 70% of patients. As such, venous sinus stenting has been
advocated for in classic IIH patients with persistent symptoms,
refractory to medical management and with elevated opening
pressures and pressure gradients across the stenosis.35 At our
institution, we routinely obtain preoperative magnetic
resonance venography (MRV) and will refer patients to the
neurovascular service for possible endovascular stenting if the
patient exhibits subjective (i.e., persistent headaches, visual
disturbances) or objective (i.e., elevated opening pressures,
new papilledema) signs of IIH postrepair.

Our literature reviewalsoshowedthatonly14.1%ofpatients
demonstrated papilledema, diagnosed by ophthalmologic
evaluation, in patients presenting with spontaneous CSF leak.Ta

b
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Thisfinding is consistent with the notion of the CSF leak acting
as a pressure release valve, preventing long-term sequelae of
chronically elevated ICPs, such as papilledema or optic nerve
atrophy. Bidot et al confirmed this in 36 patients with pre- and
postoperativeneuro-ophthalmologicevaluations, demonstrat-
ing that only 4 (13.3%) had optic nerve changes consistent with
previously undiagnosed IIH.16 Furthermore, only one patient
developed new papilledema postrepair. Likewise, Jiang et al
found that only 2/28 (7.1%) of patients developed papilledema
after repairof theirCSF leak, correlatingwithdelayedmeasure-
ments of postoperative opening pressures.14At our institution,
all of our patients are evaluated by neuro-ophthalmology prior
to surgery and ideally within 3 to 6 months postrepair, a
timeline consistent with previous studies.14,16 In our small
case series, none of our patients who had postoperative
ophthalmology follow-up exhibited new abnormalities. While
uncommon,newophthalmologicdeficitspostrepair area likely
indication for shunting since this finding has been rarely
reported without other signs of IIH such as worsening symp-
toms or recurrent CSF leak. As such, we routinely perform a
postoperative neuro-ophthalmology evaluation, as develop-
ment of new optic nerve changes, particularly while on
acetazolamide therapy, would lead us to pursue counseling
the patient on shunt placement.

While elevated ICPofover25 cmH2Oconstitutespart of the
Dandy criteria to diagnose IIH and has also been described as
thethreshold fordefiningelevatedopeningpressuresbasedon
large population-based studies,6,36 it is unclear whether ICP
measurements can be applied to diagnosing underlying IIH in
patients presenting with spontaneous CSF leaks. The natural
presumption would be that ICPs may be normal in these
patients, particularly if measured after clinical leakage of
CSF.37 In extreme cases, the change in ICP gradient could
even provoke intracranial hemorrhage, as observed in patient
1 of our case series, presumably due to some degree of
intracranial hypotension. Interestingly, we found in our
literature review that among studies reporting opening pres-
sures that were obtained prior to CSF leak repair, the average
ICP measurement was 22.4 cm H2O, constituting a normal
value for IIH diagnosis according to the Dandy criteria and
population-based studies. This was not unexpected given that
chronic recurrent CSF leaks in patients with underlying IIH
pathology have been proposed to act as a “pressure valve”1 or
means to normalize elevated ICPs. This likely contributes to
attenuation of typical IIH symptoms, and as a consequence,
delayed age at time of presentation. Furthermore, among the
studies we reviewed, larger cohorts consistently reported
average opening pressures below 25 cm H2O.9,14,19,38 In
contrast, large-scale studies of classical IIH have typically
reported opening pressures over 30 cm H2O, including the
Idiopathic Intracranial Hypertension Treatment Trial, which
remains the largest randomized controlled trial of IIH
conducted to date.24,39,40 Given the conflicting data in
the literature, we have moved away from considering preop-
erative opening pressures, measured at time of lumbar drain
placement to guide postoperative management. Instead, we
now routinely obtain postoperative opening pressures ideally
1 month after repair.

Among studies reporting opening pressures obtained after
CSF leak repair, the average ICP elevated to 30.8 cmH2O, which
isnot surprisinggivenaftersuccessful surgical repair, the lackof
CSF egressmay increase ICPs due to elimination of the pressure
valve and exacerbate an underlying condition of IIH.19 Addi-
tionally, among those studies in our review reporting bothpre-
andpostrepair openingpressures in their patient cohorts, there
were consistent increases in ICPmeasurements,19,39aside from
one study, which observed decreases in ICPs postrepair, albeit
only measured 2 days after surgery.41 Interestingly, these
elevations in ICPs after CSF leak repair were only modest and
still below the typical opening pressures over 30 cm H2O,
observed in IIHpatientswithoutCSF leak.However, thisfinding
should be interpreted with caution, given these values were
derived from a heterogeneous group of studies with varying
methodologies to measure ICPs after CSF leak repair. Notably,
Chaaban et al found in their larger cohort of 46 patients that
ICPs significantly increased from a baseline of 24.3 cm H2O
preoperatively to 32.3 cm H2O within days after CSF leak
repair,19 highlighting the notion that CSF leak repair may
rapidly alter ICP dynamics and potentially precipitate typical
IIH symptoms in thepostoperative period. Indeed,weobserved
this with patient 3 in our case series who underwent shunt
placement 1 week after his repair, despite a normal opening
pressure, due to development of severe nonpositional head-
aches. His headaches completely resolved after shunt place-
ment. Some authors have described measurement of ICPs, 1 to
2 days after surgery with a lumbar drain, to guide decision-
making in starting acetazolamide therapy or same-admission
shunting for moderately elevated and significantly elevated
(i. e.,> 30–35 cm H2O) opening pressures.12,37 At our institu-
tion,wetypically removethelumbardrainat theendof thecase
or in select cases with larger defects, within 24 to 48hours
postoperatively, to facilitate early mobilization and discharge
planning. We perform a lumbar puncture to measure opening
pressure ideally 1 month after surgery, which allows for
recovery from surgery while giving patients a period of time
to self-monitor for development of classical IIH symptoms.

Spontaneous CSF leaks have reportedly had higher rates of
recurrence after repair than leaks of other etiologies.42

Presumably, this is due to a failure to treat the underlying
elevated ICPs in this patient population after leak repair,
leading to recurrence at the original or a distant site.43 The
patients who experienced recurrent CSF leaks, secondary to
failure of their shunts, placed after their initial repair are a
proof-of-concept of this principle. In a meta-analysis of
recurrence rates after primary endoscopic repair of sponta-
neous CSF leaks, Teachey et al found that patients who
underwent ICP measurement and intervention postrepair
(with acetazolamide or permanent CSF diversion with a
lumboperitoneal or ventriculoperitoneal shunt) had higher
rates of long-term success (92.82%) than those with no ICP
intervention (81.87%) at a mean follow-up of approximately
2 years.43 Our review of the literature yielded a comparable
overall recurrence rate of 10.5% with the additional finding
that local recurrences tended to occur earlier after repair
than distant ones.15,16 Local recurrences are likely due to lack
of identifying and treating the underlying IIH postrepair,19
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while distant recurrences may be from predisposed remod-
eling of the skull base from chronically elevated ICPs,
emphasizing the importance of long-term follow-up.28,44

We found that the vast majority (85.7%) of patients with
leak recurrences were managed with a second surgery,
regardless of whether the leak was local or distant. All
patients with immediate recurrences (i.e., within days after
repair) were managed successfully with repeat surgery,
which likely reflected a failure of the repair itself rather
than due to rapid onset of postoperative elevated ICPs. In
contrast, nearly one-quarter (23.2%) of patients underwent
an additional shunting procedure, typically for elevated ICPs
(> 25 cmH2O),measured at time of leak recurrence, or in the
setting of acetazolamide cessation, both reflecting underly-
ing IIH pathophysiology.15,16,19

Given the risk of recurrence, the management of suspected
IIH in patients after repair of their CSF leak is crucial, but
practice patternsvarygreatly. Althoughweight loss is routinely
recommended, significant weight loss is typically required,
including over 10 kg in one patient that led to gradual resolu-
tion of her papilledema,3 which can be challenging for many
patients and has often required bariatric surgical intervention
inpatientswithclassical IIH.45 Interestingly, Sanghvietal found
that despite significantweight loss counseling but no change in
BMI,most patients did not experience recurrence of preopera-
tive IIH symptoms after CSF leak repair.46 While we routinely
referhigh BMIpatients forweight loss counseling after surgery,
we have not observed any cases of BMI normalization contrib-
uting to resolution of IIH symptoms. Several studies in our
literature review utilized acetazolamide in the postoperative
period after CSF leak repair.10,19,37 Despite the known ICP
lowering effects of acetazolamide,24 our literature review
revealed that its application to these patients with suspected
IIH after CSF leak repair is still on a case-by-case basis. Some
groups have advocated for its use only after documenting
elevated opening pressures after CSF leak repair,9,12 while
others have administered it prophylactically for at least 6
months, regardless of ICP measurements in the postoperative
period.10 Furthermore, indefinite acetazolamide therapy may
be appropriate in certain individuals, as there have been
reports of recurrent CSF leak in the setting of stopping
acetazolamide.19,21While acetazolamide’s side effects include
vomiting, diarrhea, debilitating fatigue, dysgeusia, and
paresthesias,47–49 these are generally dose-dependent50 and
we have found most patients to tolerate acetazolamide well.
Unless there is a clear alternative etiology for the CSF leak (i.e.,
prior trauma or tumor surgery to the skull base), we empiri-
cally treat an underlying IIH pathophysiology after leak repair
with a relatively low dose of acetazolamide (250mg three
timesdaily) asapreventativemeasureagainst recurrent leakor
development of IIH symptoms, even if the documented
opening pressure postrepair is normal. In fact, patient 2 in
our case series was successfully managed with increased
dosing of acetazolamide for persistent headaches and fatigue
after repair, after she declined further invasive interventions in
the form of shunting or endovascular sinus stenting. However,
as patient 4 demonstrated with development of intermittent
paresthesias, the side effects of acetazolamide may preclude

long-term use in some patients, necessitating consideration of
further treatment options. Permanent CSF diversion in the
form of shunting may be considered for cases of significantly
elevatedopeningpressurespostoperatively, recurrentCSF leak,
and/or failure of medical therapies to treat IIH symptoms.
However, there is no consensus on the indications for shunt
placement for patients after repair of their spontaneous CSF
leak with suspected underlying IIH diagnosis. Among the
studies we reviewed reporting postrepair outcomes, we found
that 19.1% of patients ultimately underwent permanent CSF
diversion via shunt placement. Typically, indications for shunt
surgery were development of classical IIH symptoms post-CSF
leak repair (i.e., headaches, visual disturbances) and/or
objective evidence of elevated ICPs such as elevated opening
pressures (> 30 cm H2O) and papilledema.21,38,51 Others
reported shunt placement tomanage persistent CSF leaks after
multiple repairs, despite modest opening pressures or lack of
development of typical IIH symptoms,9,18 and in select cases,
prior to undergoing CSF leak repair in patients with definitive
signs of IIH.21Wehave utilized elevated postoperative opening
pressures in the setting of ongoing acetazolamide use to be an
indication for shunt placement. Although our experience is
limited, we have anecdotally found that after going shunt
placement forelevatedopeningpressurespostrepair (patient1)
or severe recurrence of IIH symptoms (patient 3), both patients
reported a subjective sense of significantly improved clarity
of mentation, compared with their baseline status prior to
developing spontaneous CSF leak.

Based on this literature review and our preliminary
institutional experience, we have developed an algorithm
for which we manage patients with spontaneous CSF leak
and a suspected underlying diagnosis of IIH (►Fig. 2). All
patients at time of presentation undergoMRV, in addition to
routine CT and MRI for preoperative planning. In addition to
neurosurgery and otolaryngology evaluations, patients are
referred for baseline neuro-ophthalmologic testing. At time
of surgery, a lumbar drain with fluorescein injection is
utilized to help localize the site of the leak and is typically
removed at the end of surgery. Postoperatively, patients are
started on acetazolamide therapy, which is continued indef-
initely unless they experience intolerable side effects or
undergo a shunt procedure. Patients with evidence of pre-
operative venous sinus stenosis are referred to the neuro-
vascular service for consideration of sinus stenting. An
opening pressure measured via lumbar puncture is typically
obtained 1 to 2 months after surgery, as well as a repeat
neuro-ophthalmology evaluation within several months
postrepair. Our indications for shunt placement thus far
have included an elevated (i.e.,> 25 cm H2O) postoperative
opening pressure or persistence of IIH symptoms postrepair,
despite acetazolamide therapy. Additionally, in accordance
with the literature, wewould suggest that recurrent CSF leak
or new optic nerve changes be strong indications for consid-
eration of shunt placement. The management of asymptom-
atic patients with elevated postoperative opening pressures
may be particularly challenging. While most of the literature
has demonstrated that these patients are typically moni-
tored for developing signs of IIH, we found it striking that the
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two patients we shunted reported drastic improvements in
mentation compared with their baseline status prior to any
development of headaches or CSF leak. Further reports are
needed to determine whether upfront shunting may be
beneficial in asymptomatic patients with elevated postoper-
ative opening pressures despite conservative treatments and
weighed against the known risks of shunt malfunction or
infection.

This study has several key limitations. Its retrospective
nature reflects a highly heterogeneous group of studies that
varied in the extent of describing the clinical and radiographic
characteristics of the reported patients. Consequentially, it is
difficult particularly to draw conclusions on the optimal
management of these patients, both at time of presentation
and after surgical repair of their CSF leak. Additionally, this
study was confined only to spontaneous CSF leaks of the
anterior skull base. Spontaneous CSF leaks, associated with
underlying IIH pathophysiology, are also well-known to arise
within the middle and posterior fossa,4,52,53 and we suspect
there is overlap of their management, particularly after
surgical repair, with the findings discussed in this review.
However, we chose to limit our literature review to anterior
skull base defects, based on our institutional experience of
combined neurosurgery and otolaryngology involvement for
anterior skull base defects only. Given the potential risk of
concurrent leaks in the mastoid or lateral skull base, these
areas shouldbe carefully evaluated inpatientspresentingwith

rhinorrhea, particularly if there are otologic complaints or
findings of serous otitis media. In addition, our literature
reviewwas observational, andwhile the datawere contrasted
to the existing literature of IIH, no direct comparisons could be
madewithuseof statistical analyses.Retrospectivestudies like
Aaron et al,37,54 comparing IIH patients presenting with
spontaneous CSF leak to matched IIH controls with typical
presentation are valuable andwould be increasingly impactful
on a larger scale. Moreover, a prospective study of patients
with spontaneous CSF leak that includesmeasurement of ICPs
at time of presentation and after repair, formal radiographic
evaluation, and monitoring for development of symptoms of
classical IIH and need for further interventionmay be optimal
and likely is not beyond the realm of feasibility.

Conclusion

An underlying diagnosis of IIH must be strongly suspected in
patients presenting with spontaneous CSF leaks. Our experi-
ence and review of the literature suggest that these patients
may present differently from typical IIH patients, including
absence of a significant headachehistory and lack of subjective
or objective evidence of visual deficits. Opening pressures may
be predominantly normal, reflective of attenuation of intracra-
nial hypertensionvia the CSF leak. In addition, in contrast to slit
ventricle morphology characteristic of typical IIH, imaging in
thesepatientsmayreveal anormalventricularconfiguration, as

Fig. 2 Schematic detailing a proposed algorithm for management of patients with spontaneous cerebrospinal fluid (CSF) leak of the anterior
skull base and a suspected underlying diagnosis of idiopathic intracranial hypertension (IIH).
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well as an empty sella, the latter reflective of long-standing
undiagnosed IIH. While medical therapy with acetazolamide
for IIH is commonplace,definitive treatment viapermanentCSF
diversion or venous stenting may be indicated in patients
exhibiting significantly elevated opening pressures postopera-
tively, developing signs of classical IIH, or experiencing recur-
rent CSF leaks.
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